Stimulation of Toll-like receptor 4 by lipopolysaccharide during cellular invasion by live Salmonella typhimurium is a critical but not exclusive event leading to macrophage responses.
Invasion of macrophages by salmonellae induces cellular responses, with the bacterial inducers likely to include a number of pathogen-associated molecular patterns. LPS is one of the prime candidates, but its precise role in the process, especially when presented as a component of live infecting bacteria, is unclear. We thus investigated this question using the lipid A antagonist E5531, the macrophage-like cell line RAW 264.7, and primary macrophage cultures from C3H/HeJ and Toll-like receptor 4(-/-) (TLR-4(-/-)) mice. We show that LPS presented on live salmonellae provides an essential signal, via functional TLR-4, for macrophages to produce NO and TNF-alpha. Furthermore, the mitogen-activated protein kinase c-Jun N-terminal kinase and p38 are activated, and the transcription factor NF-kappa B is translocated to the nucleus when RAW 264.7 cells are presented with purified LPS or live salmonellae. Purified LPS stimulates rapid, transitory mitogen-activated protein kinase activation that is inhibited by E5531, whereas bacterial invasion stimulates delayed, prolonged activation, unaffected by E5531. Both purified LPS and bacterial invasion caused translocation of NF-kappa B, but whereas E5531 always inhibited activation by purified LPS, activation by bacterial invasion was only inhibited at later time points. In conclusion, we show for the first time that production of NO and TNF-alpha is critically dependent on activation of TLR-4 by LPS during invasion of macrophages by salmonellae, but that different patterns of activation of intracellular signaling pathways are induced by purified LPS vs live salmonellae.